DOCKET NO: 95 1 1 -087-27 



TITLE OF THE INVENTION 

METHODS AND COMPOSITIONS FOR MODULATING 
REGULATION OF THE CYTOTOXIC LYMPHOCYTE RESPONSE BY 
MACROPHAGE MIGRATION INHIBITORY FACTOR 

5 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to methods and compositions for modulating 
(increasing or decreasing) a cytotoxic lymphocyte response to an antigen, such as a 
tumor-associated antigen, by decreasing or increasing the level of macrophage 
migration inhibitory factor (MIF) to whichCD8 + and/or CD4 + lymphocytes are 
exposed before, during or after exposure to the antigen. The invention further 
relates to compositions and methods for prophylaxis and treatment of diseases, 
particularly tumors, by modulating a cytotoxic lymphocyte response to an antigen 
using cell-based immunotherapeutic approaches. 

Background of the Technology 

Emerging data from both experimental and human clinical studies indicate 
that tumor associated antigens are sufficient to elicit an anti-tumor cytotoxic 
lymphocyte (CTL) response that can produce significant tumor regression (27, 28). 
20 Long-term melanoma remissions have been achieved in a few cases by employing 
cell-based immunotherapeutic strategies aimed at enhancing CTL cytotoxicity by 
peptide immunization (29). However, despite the presence of tumor- specific 
antigens presented in the context of MHC class I, robust tumor killing immune 
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response is seldom detected in vivo. The generation of tumor-specific CTLs 
requires appropriate processing of tumor antigens, display of tumor antigens by 
MHC class I molecules, T lymphocytes expressing T cell receptors of appropriate 
specificity to recognize tumor antigens, and initial antigen presentation to the 
immune system in an immunologic context. This CTL response must not only be 
initiated, but must also be vigorous and be sustained to achieve successful tumor 
regression. 

The activity of several cytokines to enhance various aspects of the CTL 
response has been appreciated for some time. 'The early expression of IL-2 for 
example, is a critical factor in the proliferation and development of lytic potential 
by CTLs (30). Furthermore, IFNy (30), IL-1 and IL-6 (31), IL-2 together with IL-6 
(32), IL-7 (33), IL-10 (34), and IL-12 (35-37) have all been identified to play a role 
in the activation, proliferation, and/or differentiation of CTLs. These mediators 
promote CTL activity by enhancing antigen presentation, CD4 + helper T cell 
function, macrophage cell adhesion, or by increasing the expression of critical co- 
stimulatory molecules. Anti-tumor effects mediated by the administration of 
recombinant cytokines, including IL-1 (38), IL-2 (39), IL-12 (40-42), IFNa (43, 
44), IFNy (45), and TNFa (46) have been shown in tumor bearing-mice. 

By contrast, only a few cytokines, including IL-4 (47, 48) and TGFp (49) 
have been shown to suppress CTL differentiation or lytic activity. IL-4 inhibits the 
secretion of IFNy from CD8 + T cells (50, 51) and appears to limit the activation 
and differentiation of CD8 + T cells with high cytolytic potential (52). Furthermore, 
CTL priming in the absence of IL-4 gives rise to a more potent response following 



challenge. The mechanisms by which these few cytokines inhibit CTL cytolytic 
activity are not well defined. 

The biological functions of the protein mediator known as macrophage 
migration inhibitory factor (MIF) have only recently come under close scrutiny 
(reviewed in (1)). Although MIF was first described nearly four decades ago as a 
soluble activity produced by activated T lymphocytes (2, 3), interest in MIF was 
rekindled when the mouse homolog of this protein was identified to be secreted 
from the anterior pituitary gland (4). Soon thereafter macrophages that had been 
previously considered to be a target of MIF action were found to be a significant 
source of MIF upon activation by microbial toxins or the cytokines TNFa and IFNy 
(5). In vivo studies also established that MIF plays a critical role in the host 
response to endotoxin. Administration of recombinant MIF (rMIF) together with 
LPS exacerbates LPS lethality, while neutralizing anti-MIF antibodies protect mice 
against lethal endotoxemia (4), exotoxemia (6), and peritonitis (7). Studies of MIF 
function also have established this protein to be required for the expression of IL-2 
during the T-cell activation response and for antibody production by B cells (8). 

Two recent reports have identified an unanticipated role for MIF in tumor 
growth (9, 10). The present inventors observed that the administration of an anti- 
MIF monoclonal antibody (mAb) to mice significantly reduced the growth and 
vascularization of the syngeneic, subcutaneously implanted B cell lymphoma, 
38C13 (9). Evidence was obtained that this anti-tumor effect was due, in part, to a 
requirement for MIF in endothelial cell proliferation and the tumor angiogenesis 
response (9). Similarly, anti-MIF mAb treatment of mice bearing the human 



melanoma tumor, G361, significantly decreased tumor growth and 
neovascularization (10). 

SUMMARY OF THE INVENTION 

The instant invention is based, in part, on the discovery by the present 
inventors that MIF expression is upregulated during the CTL response and that 
inhibition of MIF using a specific mAb promotes CTL activity in vitro and in vivo. 
In particular, disclosed herein is experimental evidence that neutralization of MIF 
can promote CTL activity, inhibit tumor growth, and increase T lymphocyte 
homing to sites of tumor invasion in vivo. Thus, results from in vitro CTL studies 
in the Example, below, reveal that immunoneutralization of MIF during the in vitro 
priming phase increased IFNy production in CTL cultures. Recognizing that MIF 
secretion is enhanced by the activation of Th2 cells, but not Thl cells (8), it is 
possible that soluble antigen stimulation induces MIF expression that in turn 
inhibits CTL activation in vivo by suppressing the production of Thl cytokines, 
including IFNy. 

Previous studies have shown that MIF plays an essential role in the 
activation response to various mitogens or soluble antigen, an effect that is 
mediated by CD4 + helper T cells. Mitogen or antigen-activated T cells express 
significant quantities of MIF mRNA and protein, and immunoneutralization of 
MIF inhibits IL-2 production and T cell proliferation in vitro and decreases the T 
cell helper response to soluble antigen in vivo (8). The present study shows that 
MIF expression is upregulated in response to tumor antigen stimulation and that 
neutralization of MIF does not affect IL-2 secretion or antigen-induced 



proliferation of CD8 + T cells. However, anti-MIF treatment significantly increased 
the expression of the IL-2 receptor y c subunit that is required for intracellular 
signaling (25) and is important for CD8 + T cell survival (26). Therefore, the 
enhancement of T cell cytotoxicity by MIF neutralization cannot be attributed to an 
appreciable increase in the proliferation of CD8 + T cells, but rather to enhanced 
survival of a population of cytolytic CD8 + T cells. Following the initiation of 
cytolytic activity by CD8 + T cells, this cytolytic activity must be sustained in order 
to promote successful tumor regression. Accordingly, inhibition of MIF would act 
to prolong CTL lifespan such that significant CTL anti-tumor activity becomes 
manifest both in vitro and in vivo. 

Anti-MIF mAb treatment of EG.7 tumor-bearing mice significantly 
inhibited tumor growth in the context of enhanced CTL activity. Moreover, CD8 + 
T cells transferred from anti-MIF treated anti-MIF treated tumor-bearing mice 
inhibited tumor growth in recipient mice. Given the observed increase in the 
number of apoptotic tumor cells found within the corpus of the tumor, it is 
reasonable to conclude that enhanced or sustained CTL cytotoxicity directly 
contributed to the suppression of tumor growth in anti-MIF treated mice. 

Recent reports have shown that tumor cells produce more MIF than non- 
transforrned cells (10, 53, 54). Tumor cells can escape death by CTLs via the loss 
of the tumor antigen recognized by the CTLs or by the downregulation of MHC 
expression that renders the tumor cell resistant to CTL-mediated lysis even when it 
expresses the appropriate tumor antigen (55). Although EG.7 cells constitutively 
secrete MIF (-10 ng/ml by 10 6 cells), neither rMIF nor anti-MIF antibody 
influenced MHC class I expression by EG.7 cells. The present data show that an 



additional mechanism for tumor evasion of the host immune response occurs by 
tumor cell secretion of MIF leading to a decrease in CD8 + T cell survival. 

Several studies have shown the expression of FasL by some tumor cells and 
this raises the intriguing possibility that cancers might be sites of immune 
privilege. For example, apoptosis of tumor infiltrating lymphocytes has been 
demonstrated in situ in FasL-expressing melanomas and hepatocellular carcinomas 
(57). However, more recent in vitro and in vivo data have challenged the original 
hypothesis. These studies have revealed that some tumors lack FasL expression 
(58, 59) and that transfection of some tumor cells with FasL cDNA did not 
promote evasion of the immune system by tumor cells, but rather induced tumor 
regression (59, 60). Further studies have shown that FasL expression promotes 
rapid graft rejection (61, 62) and inflammation (63). This study did not examine 
the expression of FasL within the tumor, but the present findings show that it 
would be informative to examine the effect of MIF/anti-MIF on FasL expression in 
these systems. 

The present study has also identified an important role for MIF in T cell 
trafficking. An increase in the accumulation of both CD4 + and CD8 + T cells within 
the tumors of anti-MIF treated mice was observed. Tumor destruction by tumor 
infiltrating lymphocytes (TILs) is known to involve both CD4 + and CD8 + T cells. 
Treatment of breast tumors in rats with IL-2 and TILs promotes tumor regression 
by the induction of apoptosis in the tumor cells (64) and a brisk accumulation of 
TILs in human melanoma is associated with a more favorable outcome for the 
patient (65). The observation that anti-MIF antibody increases the migration of 
CD4 + and CD8 + T cells into the tumor mass provides an additional means by which 



anti-MIF antibody may affect anti-tumor T cell function, and may involve 
mechanisms such as altered chemokine or chemokine receptor expression. 

In addition to modulating CTL activity, MIF appears to play a role in other 
aspects of tumor formation. Two independent laboratories have shown that MIF 
neutralization significantly inhibits tumor angiogenesis (9, 10), and Hudson and 
co-workers recently revealed that the addition of rMIF to fibroblasts inhibits p53 
functions (both proliferation and apoptosis) by suppressing its transcriptional 
activity (66). Although a variety of host immune effector cells participate in the 
killing of tumor cells, tumor antigen-specific CTLs are highly effective in 
mediating tumor cell killing, even at low antigen density expressed on the target 
cells (67). Hence, the therapeutic enhancement of CD8 + CTLs by MIF 
immunoneutralization provides a novel basis for cell-based anti-tumor 
immunotherapies. 

Accordingly, the present invention provides methods and compositions for 
modulating (increasing or decreasing) a cytotoxic lymphocyte response to an 
antigen, such as a tumor-associated antigen, by decreasing or increasing the level 
of macrophage migration inhibitory factor (MIF) to whichCD8 + and/or CD4 + 
lymphocytes are exposed before, during or after exposure to the antigen, either ex 
vivo or in vivo, or both. 

Thus, in one aspect the present invention provides a method of preparing 
cells, preferably T cells, more preferably CD8 + T cells, as a cancer therapy for 
administration to a subject with cancer or another condition requiring a CTL 
response for effective immunotherapy. This method comprises culturing the cells 
in the presence of an MIF antagonist or inhibitor. In this method, the MIF 



antagonist is selected from the group consisting of anti-MIF antibodies, MIF 
antisense cDNA, and antagonists of MIF ligandrreceptor binding. In a preferred 
embodiment of this method comprises culturing the cells in the presence of anti- 
MIF antibodies that neutralize or inactivate MIF activity. Preferably, the anti-MIF 
antibodies used in the invention method are monoclonal and are selected from the 
group consisting of human monoclonal antibodies, humanized monoclonal 
antibodies, chimeric monoclonal antibodies and single-chain monoclonal 
antibodies. 

In another aspect the present invention relates to a method of preparing a 
cellular composition as an immunotherapy for enhancing a CTL response, 
preferably a cancer therapy for administration to a subject with cancer, comprising 
incubating cells of the composition in the presence of (a) at least one antigen that is 
a target of a desired CTL response, preferably a tumor antigen, and (b) anti-MIF 
antibodies. 

Yet another aspect of the invention relates to a method of preparing 
autologous cells for administration to a subject with cancer comprising the step of 
incubating the cells in the presence of an agent, agent selected from the group 
consisting of anti-MIF antibodies, MIF-binding fragments thereof, or both. A 
preferred embodiment of this method comprises a step of incubating the cells in the 
presence of (a) at least one tumor antigen and (b) an agent selected from the group 
consisting of anti-MIF antibodies, MIF-binding fragments thereof, or both. 
Preferably, the autologous cells comprise immune cells, more preferably T cells, 
and even more preferably, CD8 + T cells. 



In another aspect the invention provides a cellular composition for 
administration to a subject in need of an enhance CTL response to an antigen, for 
instance, a subject with cancer. This composition comprises cells incubated with 
anti-MIF antibodies. In one embodiment of this cellular composition, the cells 
incubated with anti-MIF antibodies are also incubated with at least one antigen to 
which an enhanced CTL response is desired, such as a tumor antigen. Preferably, 
in this cellular composition the incubation with anti-MIF antibodies is ex vivo, and 
the cellular composition may include cells isolated from unbound anti-MIF 
antibodies after incubation with anti-MIF antibodies. Cells in this cellular 
composition also may be isolated from both unbound anti-MIF antibodies and 
unbound antigen, for instance, tumor antigen, with which they are incubated. 
Preferably, in the cellular compositions of the invention the cells comprise immune 
cells, more preferably T cells, and still more preferably, CD8 + T cells. 



DESCRIPTION OF THE FIGURES 
FIG. 1. - Anti-MIF mAb, but not rMIF or control IgG, enhances CTL 
activity in vitro. C57BL/6 mice primed with EG.7 cells 7 days earlier were the 
source of spleen cells (see Materials and Methods). Spleen cell cultures stimulated 
with irradiated EG.7 cells for 5 days in the presence of rMIF (A), anti-MIF (B), or 
control IgG 1? (C). Fresh EG.7 target cells were added to spleen cells at various E:T 
cell ratios and, after a 4 h incubation at 37°C, cytotoxicity measured by lactate 
dehydrogenase (LDH) release. (D) The effect of anti-MIF mAb on in vitro CTL 
activity upon antibody addition at the onset of splenocyte-irradiated EG. 7 co- 



cultures (E:T = 20: 1) (Day 0) versus addition at Day 2. *, p < 0.05 by Student's t 
test vs. no addition. 

FIG- 2 - Secretion of MIF and IFNy is enhanced when primed spleen 
cells are cultured with irradiated EG.7 cells. Spleen cells were isolated from 
EG.7-primed mice and stimulated for 1 or 2 days with or without irradiated EG.7 
cells together with an isotype control Ab (control) or anti-MIF mAb (anti-MIF) 
(50/iLg/ml). Culture supernatants were analyzed by specific ELISA for 
MIF(A)andIFNy(B) ? as described in Materials and Methods, TNFa and IL-12 
values were below the limit of detection. *, p<0.05 by Student's t test for 
control+EG.7 vs. control-E .7. 

FIG. 3 - Anti-MIF mAb treatment of EG.7 tumor-bearing mice 
increases CTL activity and inhibits tumor growth. C57BL/6 mice (n=5 per 
group) were injected with EG.7 cells and then treated with either PBS, control IgG, 
or anti-MIF mAb (0.5 mg) daily. On day 7, the spleens were harvested and isolated 
spleen cells were co-cultured with irradiated EG.7 cells for 5 days, at which time 
cell lysis was measured in a 4 h CTL in vitro assay by LDH release (A). Tumor 
size was determined on Day 7 (B). *, p<0.05 by Student's t test anti-MIF treated vs. 
control IgG treated. 

FIG. 4 - Anti-MIF mAb treatment of EG.7 tumor-bearing mice 
increases T lymphocyte infiltration of tumors. Mice (n=5 per group) were 
treated daily for 7 days with control IgG or anti-MIF mAb. Then, EG.7 tumors 
were excised and tumor sections were stained with PE-anti-mouse CD4 (L3T4) or 
FITC-anti-mouse CD8 (ly-2) monoclonal antibodies. CD8 + and CD4 + T cells were 
enumerated by fluorescence microscopy and expressed as the average percent 
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increase (± S.D.) in immunoreactive infiltrating cells in the tumors of anti-MIF- 
treated animals compared to control IgG-treated animals. Sections incubated with 
a fluorescent-isotype control antibody showed no immunoreactivity. *, p<0.05 by 
Student's t test comparing anti-MIEF vs control IgG treated. 

FIG. 5 - Anti-MIF mAb treatment promotes EG.7 tumor cell apoptosis. 
Apoptotic cells were detected in situ by labeling DNA strand breaks by the TUNEL 
method. Numerous apoptotic (dark brown) EG.7 cells are visible in the tumor 
tissue obtained from mice treated with anti-MIF mAb (A). By contrast, fewer 
apoptotic bodies are observed in tumors obtained from mice treated with control 
IgG (B). Sections (lOOx) shown are representative of 10 tumor sections (n=5 
animals per group). 

FIG. 6 - IL-2Ry c expression is upregulated by treatment with anti-MIF 
antibody in vivo. Spleen cells were collected from naive or EG.7 tumor-bearing 
mice (n=3 mice per group) treated daily for 7 days with anti-MIF or control IgG. 
Spleens were pooled from individual groups and stained for CDS and IL-2Ra (A), 
P (B) 5 or y c (C) surface markers after gating on the CD8 + T cell population. The 
shaded histogram represents the cells stained with isotype control antibody. 

FIG. 7 - Treatment of donor tumor-bearing mice with anti-MIF 
antibody increases the migration of transferred T lymphocytes into EG.7 
tumors of recipient tumor-bearing mice and promotes CD8 + T cell anti-tumor 
activity in recipient mice. Unfractionated spleen cells (A) or purified CD8 + 
splenic T cells (B) from normal (control) or tumor-bearing mice were isolated 8 
days after anti-MIF or control IgG treatment (0.5 mg x 7 days) and labeled with the 
fluorescent dye, PKH-26. Labeled cells then were transferred i.v. into tumor- 



bearing recipient mice (n = 5 per group). One day later, the tumors were excised, 
cryostat sections prepared, and the number of fluorescent cells per high power field 
(HPF) was enumerated (mean ± S.D.). *, p<0.05; **, p<0.01 vs. control antibody 
treated mice by Student's t test. (C) C57BL/6 mice were injected with 5xl0 6 EG.7 
cells (i.p.) and then treated with anti-MIF mAb or control IgG (0.5 mg/day) for 7 
days. Purified splenic CD8 + T cells were transferred (5 x 10 6 cells/mouse; i.v). into 
recipient mice that had been inoculated s.c. with 5 x 10 6 EG.7 cells 24 h 
previously (n=5pergroup). Tumor weights (average + S.D.) were measured. *, 
p<0.05 vs control antibody-treated mice by Student's t test. 



DETAILED DESCRIPTION OF THE INVENTION 

The present invention involves compositions and methods that inhibit MIF 
release and/or activity in vitro and in vivo, for the treatment of any conditions 
requiring a CTL response, which include but are not limited to tumors (cancerous 
or benign), viral infections, parasitic infections, including for instance malaria, 
and/or bacterial infections. 

The inhibition of MIF activity in accordance with the invention may be 
accomplished in a number of ways, which may include, but are not limited to, the 
use of factors which bind to MIF and neutralize its biological activity; the use of 
MIF-receptor antagonists; the use of compounds that inhibit the release of MIF 
from cellular sources in the body; and the use of nucleotide sequences derived from 
MIF coding, non-coding, and/or regulatory sequences to prevent or reduce MIF 
expression. Any of the foregoing may be utilized individually or in combination to 
inhibit MIF activity in the treatment of the relevant conditions, and further, may be 
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combined with any other CTL enhancing therapies including, for instance, peptide 
immunization, cytokine therapy, and the like. 

Factors that bind MIF and neutralize its biological activity, hereinafter 
referred to as MIF binding partners, may be used in accordance with the invention 
as treatments of conditions requiring a CTL response. While levels of MIF protein 
may increase due to secretion by a tumor or by activation of Th2 T helper cells, the 
interaction of inhibitory MIF-binding partners with MIF protein prohibits a 
concomitant increase in MIF activity. Such factors may include, but are not limited 
to anti-MIF antibodies, antibody fragments, MIF receptors, and MIF receptor 
fragments. 

Various procedures known in the art may be used for the production of 
antibodies to epitopes of recombinantly produced (e.g., using recombinant DNA 
techniques described infra), or naturally purified MIF. Neutralizing antibodies, i.e. 
those which compete for or sterically obstruct the binding sites of the MIF receptor 
are especially preferred for diagnostics and therapeutics. Such antibodies include 
but are not limited to polyclonal, monoclonal, humanized monoclonal, chimeric, 
single chain, Fab fragments and fragments produced by an Fab expression library. 

For the production of antibodies, various host animals may be immunized 
by injection with MIF and/or a portion of MIF. Such host animals may include but 
are not limited to rabbits, mice, and rats, to name but a few. Various adjuvants may 
be used to increase the immunological response, depending on the host species, 
including but not limited to Freund's (complete and incomplete), mineral gels such 
as aluminum hydroxide, surface active substances such as lysolecithin, pluronic 
polyols, polyanions, peptides, oil emulsions, keyhole limpet hemocyanin, 
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dinitrophenol, and potentially useful human adjuvants such as BCG (bacille 
Calmette-Guerin) and Corynebacterium parvum. 

Monoclonal antibodies to MIF may be prepared by using any technique 
which provides for the production of antibody molecules by continuous cell lines 
in culture. These include but are not limited to the hybridoma technique originally 
described by Kohler and Milstein . (Nature, 1975, 256:495-497), the human B-cell 
hybridoma technique (KosboretaL, 1983, Immunology Today, 4:72; Cote et ah . 
1983, Proc. Natl. Acad. Sci., 80:2026-2030) and the EBV-hybridoma technique 
(Cole et ah, 1985, Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, Inc., 
pp. 77-96). In addition, techniques developed for the production of "chimeric 
antibodies" (Morrison et al.. 1984, Proc. Natl. Acad. Sci., 81:6851-6855; 
Neuberger et al., 1984, Nature, 312:604-608; Takeda etaL 1985, Nature, 
314:452-454) by splicing the genes from a mouse antibody molecule of appropriate 
antigen specificity together with genes from a human antibody molecule of 
appropriate biological activity can be used. Alternatively, techniques described for 
the production of single chain antibodies (U.S. Pat. No. 4,946,778) can be adapted 
to produce MIF-specific single chain antibodies. 

The hybridoma technique has been utilized to generate anti-MIF 
monoclonal antibodies. See, e.g., U. S. Patent No. 6,030,615 to Bucala et al.. the 
entire contents of which are hereby incorporated herein by reference. Hybridomas 
secreting IgG monoclonal antibodies directed against both human and murine 
forms of MIF have been isolated and characterized for their ability to neutralize 
MIF biological activity. Anti-MIF monoclonal antibodies were shown to inhibit the 
stimulation of macrophage-killing of intracellular parasites. The anti-MIF 
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monoclonal antibodies have also been utilized to develop a specific and sensitive 
ELISA screening assay for MIF. 

Antibody fragments which recognize specific MIF epitopes may be 
generated by known techniques. For example, such fragments include but are not 
limited to: the F(ab') 2 fragments which can be produced by pepsin digestion of the 
antibody molecule and the Fab fragments which can be generated by reducing the 
disulfide bridges of the F(ab') 2 fragments. Alternatively, Fab expression libraries 
maybe constructed (HuseetaL, 1989, Science, 246:1275-1281) to allow rapid and 
easy identification of monoclonal Fab fragments with the desired specificity to 
MIF. 

MIF receptors, MIF receptor fragments, and/or MIF receptor analogs may, 
in accordance with the invention, be used as inhibitors of MIF biological activity. 
By binding to MIF protein, these classes of molecules may inhibit the binding of 
MIF to cellular MIF receptors, thus disrupting the mechanism by which MIF exerts 
its biological activity. Small organic molecules which mimic the activity of such 
molecules are also within the scope of the present invention. MIF receptors may 
include any cell surface molecule that binds MIF in an amino acid sequence- 
specific and/or structurally-specific fashion. Fragments of MIF receptors may also 
be used as MIF inhibitory agents, and any MIF receptor fragment possessing any 
amino, carboxy, and/or internal deletion that specifically binds MIF so as to inhibit 
MIF biological activity is intended to be within the scope of this invention. An 
amino and/or carboxy deletion refers to a molecule possessing amino and/or 
carboxy terminal truncations of at least one amino acid residue. An internal 
deletion refers to molecules that possess one or more non-terminal deletions of at 
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least one amino acid residue. Among these MIF receptor fragments are truncated 
receptors in which the cytoplasmic or a portion of the cytoplasmic domain has been 
deleted, and fragments in which the cytoplasmic and the transmembrane domain(s) 
has been deleted to yield a soluble MIF receptor containing all or part of the MIF 
receptor extracellular domain. 

MIF receptor analogs which specifically bind MIF may also be used to 
inhibit MIF activity. Such MIF receptor analogs may include MIF receptor or 
receptor fragments further possessing one or more additional amino acids located 
at the amino terminus, carboxy terminus, or between any two adjacent MIF 
receptor amino acid residues. The additional amino acids may be part of a 
heterologous peptide functionally attached to all or a portion of the MIF receptor 
protein to form a MIF receptor fusion protein. For example, and not by way of 
limitation, the MIF receptor, or a truncated portion thereof, can be engineered as a 
fusion protein with a desired Fc portion of an immunoglobulin. MIF receptor 
analogs may also include MIF receptor or MIF receptor fragments further 
possessing one or more amino acid substitutions of a conservative or 
non-conservative nature. Conservative amino acid substitutions consist of 
replacing one or more amino acids with amino acids of similar charge, size, and/or 
hydrophobicity characteristics, such as, for example, a glutamic acid (E) to aspartic 
acid (D) amino acid substitution. Non-conservative substitutions consist of 
replacing one or more amino acids with amino acids possessing dissimilar charge, 
size, and/or hydrophobicity characteristics, such as, for example, a glutamic acid 
(E) to valine (V) substitution. The MIF receptors, MIF receptor fragments and/or 
analogs may be made using recombinant DNA techniques. 
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Molecules which inhibit MIF biological activity by binding to MIF 
receptors may also be utilized for the treatment of conditions requiring a CTL 
response. Such molecules may include, but are not limited to anti-MIF receptor 
antibodies and MIF analogs. Anti-MIF receptor antibodies may be raised and used 
to neutralize MIF receptor function. Antibodies against all or any portion of a MIF 
receptor protein may be produced, for example, according to the techniques 
described in U.S. Patent No. 6,080,407, supra. 

MIF analogs may include molecules that bind the MIF receptor but do not 
exhibit biological activity. Such analogs compete with MIF for binding to the MIF 
receptor, and, therefore, when used in vivo, may act to block the effects of MIF in 
the progress of cytokine-mediated toxicity. A variety of techniques well known to 
those of skill in the art may be used to design MIF analogs. Recombinant DNA 
techniques may be used to produce modified MIF proteins containing, for example, 
amino acid insertions, deletions and/or substitutions which yield MIF analogs with 
receptor binding capabilities, but no biological activity. Alternatively, MIF analogs 
may be synthesized using chemical methods (see, for example, Sambrook et al., 
Molecular Cloning, A Laboratory Manual, Cold Spring Harbor Press, N. Y. 
(1 989)). MIF receptors and/or cell lines that express MIF receptors may be used 
to identify and/or assay potential MIF antagonists. 

As taught in U.S. Patent No. 6,080,407, supra, certain steroids, commonly 
thought to be either inactive or "anti-steroidal" actually inhibit the release of MIF; 
e.g., 20a dihydrocortisol. These steroids, or any other compound which inhibits the 
release of preformed MIF, can be used in combination therapy with other anti-MIF 
agents in the present invention. 
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Inhibitors of MIF biological activity such as anti-MIF antibodies, MIF receptors, 
MIF receptor fragments, MIF receptor analogs, anti-MIF receptor antibodies, MIF 
analogs and inhibitors of MIF release, may be administered using techniques well 
known to those in the art. Preferably, agents are formulated and administered 
systemically. Techniques for formulation and administration may be found in 
"Remington's Pharmaceutical Sciences", 18th ed., 1990, Mack Publishing Co., 
Easton, Pa. Suitable routes may include oral, rectal, transmucosal, or intestinal 
administration; parenteral delivery, including intramuscular, subcutaneous, 
intramedullary injections, as well as intrathecal, direct intraventricular, 
intravenous, intraperitoneal, intranasal, or intraocular injections, just to name a 
few. Most preferably, administration is intravenous. For injection, the agents of 
the invention may be formulated in aqueous solutions, preferably in physiologically 
compatible buffers such as Hanks' solution, Ringer's solution, or physiological 
saline buffer. For transmucosal administration, penetrants appropriate to the barrier 
to be permeated are used in the formulation. Such penetrants are generally known 
in the art. 

Effective concentrations and frequencies of dosages of the MIF inhibitory 
compounds invention to be administered may be determined through procedures 
well known to those in the art, which address such parameters as biological 
half-life, bioavailability, and toxicity. In the case of anti-MIF antibodies, a 
preferred dosage concentration may range from about 0.1 mg/kg body weight to 
about 20 mg/kg body weight, with about 10 mg/kg body weight being most 
preferred. For antibodies or other inhibitory compounds that exhibit long half-lives 
in circulation, a single administration may be sufficient to maintain the required 
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circulating concentration. In the case of compounds exhibiting shorter half-lives, 
multiple doses may be necessary to establish and maintain the requisite 
concentration in circulation. 

MIF inhibitors may be administered to patients alone or in combination 
with other therapies. Such therapies include the sequential or concurrent 
administration of inhibitors or antagonists of tumors or viruses for which a CTL 
response is desirable. 

Within the scope of the invention are methods using anti-MIF agents that 
are oligoribonucleotide sequences, including anti-sense RNA and DNA molecules 
and ribozymes that function to inhibit the translation of MIF and/or MIF receptor 
mRNA. Anti-sense RNA and DNA molecules act to directly block the translation 
of mRNA by binding to targeted mRNA and preventing protein translation, either 
by inhibition of ribosome binding and/or translocation or by bringing about the 
nuclease degradation of the mRNA molecule itself. Ribozymes are enzymatic 
RNA molecules capable of catalyzing the specific cleavage of RNA. The 
mechanism of ribozyme action involves sequence specific hybridization of the 
ribozyme molecule to complementary target RNA, followed by a endonucleolytic 
cleavage. Within the scope of the invention are engineered hammerhead motif 
ribozyme molecules that specifically and efficiently catalyze endonucleolytic 
cleavage of MIF and/or MIF receptor mRNA sequences. Both anti-sense RNA 
and DNA molecules and ribozymes of the invention may be prepared by any 
method known in the art for the synthesis of nucleic acid molecules. These include 
techniques for chemically synthesizing oligodeoxyribonucleotides well known in 
the art such as, for example, solid phase phosphoramidite chemical synthesis. 
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Alternatively, RNA molecules may be generated by in vitro and in vivo 
transcription of DNA sequences encoding the antisense RNA molecule. Such DNA 
sequences may be incorporated into a wide variety of vectors which incorporate 
suitable RNA polymerase promoters such as the T7 or SP6 polymerase promoters. 
Alternatively, antisense cDNA constructs that synthesize antisense RNA 
constitutively or inducibly, depending on the promoter used, can be introduced 
stably into cell lines. 

Various modifications to the DNA molecules may be introduced as a means 
of increasing intracellular stability and half-life. Possible modifications include but 
are not limited to the addition of flanking sequences of ribo- or deoxy-nucleotides 
to the 5' and/or 3' ends of the molecule or the use of phosphorothioate or 2' 
O-methyl rather than phosphodiesterase linkages within the oligodeoxy- 
ribonucleotide backbone. 

For anti-MIF therapeutic uses, the inhibitory oligonucleotides may be 
formulated and used with cells in vitro, and/or administered through a variety of 
means, including systemic, and localized, or topical, administration. Techniques 
for formulation and administration may be found in "Remington's Pharmaceutical 
Sciences," Mack Publishing Co., Easton, Pa., latest edition. The mode of 
administration may be selected to maximize delivery to a desired target organ in 
the body. 
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EXAMPLE 

Materials and Methods 

Experimental animals and cell lines. C57BL/6 (H-2 b ) mice (female, 8-12 
wk old) were purchased from The Jackson Laboratory (Bar Harbor, ME). All 
animal procedures were conducted according to guidelines of the NSUH 
Institutional Animal Care and Use Committee under an approved protocol. EG. 7 
cells (produced by transfection of EL4 with a cDNA encoding OVA (11)) and EL4 
cells (both MHC class II negative, H-2 b murine thymomas), as well as the YAC-1 
cells were obtained from ATCC (Rockville, NM). 

Cytokines and antibodies. Recombinant murine MIF (rMIF) was prepared 
as previously described (12; 13) (<I pg endotoxin/ \xg protein). Neutralizing anti- 
MIF mAb (clone XIV. 15.5, IgG l5 isotype) was prepared as previously described 
(9, 14). An isotype control antibody (IgG 2 ) was purified under similar conditions 
using the hybridoma, 5D4-1 1, which secretes antibody specific for type 3 dengue 
virus (ATCC). FITC-rat anti-mouse CD3 Ab, PE-rat anti-mouse CD4, PerCP-rat 
anti-mouse CD 8 Ab, PE-rat anti-mouse CD25 Ab, PE- rat anti-mouse CD28 Ab, 
FITC- rat anti-mouse CD44 Ab, PE-rat anti-mouse CD25 (IL-2Ra), PE- rat anti- 
mouse CD28 Ab, FITC-rat antimouse CD44 Ab, PE-rat anti-mouse CD25 (IL- 
2Ra), PE-rat anti-CD 122 (IL-2Rp), PE- rat anti-mouse CD 132 (shared y chain), 
and PE- rat anti-mouse H-2K b were purchased from PharMingen (San Diego, CA). 

Generation of antigen-specific CTL. The generation of OVA-specific CTL 
has been described previously (11). In brief, spleen cells were obtained from mice 
primed 1-2 weeks earlier by i.p. injection of 5 x 10 6 EG.7 cells. Isolated spleen 
cells (3 x 10 6 ) were incubated with irradiated EG.7 cells (20,000 rad; 10 6 cells) for 
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five days (in the presence or absence of cytokines or antibodies-see below). 
Effector cells used in the in vitro CTL assay (see below) were collected from these 
cultures and recognized the OVA 257 . 264 (SIINFKEL) peptide in the context of 
H-2K b (15). To study the effect of MIF neutralization in vivo, EG.7-primed mice 
received an injection of anti-MIF mAb or control IgG (0.5 mg, i.p.) on the day of 
tumor cell implantation and then daily for 1 week. Spleen cells from anti-MIF or 
control IgG treated mice then were isolated and assessed for CTL activity in vitro 
as described below. 

Cell-mediated cytotoxity assay. EG.7 target cells (5 x 107well) were added 
to serial dilutions of effector spleen cells (prepared as described above) in 96-well 
round bottom plates at E:T ratios of 1 : 1 to 30: 1 together with various 
concentrations of anti-MIF mAb, control IgG ? or purified rMIF. After 4 h at 37 °C, 
cytotoxicity was quantified by measurement of the cytosolic enzyme, lactate 
dehydrogenase (LDH) in the culture supernatant (n=3) using the CytoTox 96° 
Assay (Promega Madison, WI). 'Specific lysis' for each E:T ratio is expressed as: 
specific lysis - [(experimental release) - (spontaneous release)/(target maximum- 
target spontaneous release)]. Spontaneous LDH release in the absence of CTL was 
less than 10% of the maximal cellular release by detergent lysis. All experimental 
procedures and assays were performed two or more times, with similar results. 

NK assay NK sensitive YAC-1 cells were used as targets and NK assays 
were performed as previously described (16). 

Flow cytometric analysis. Single-cell suspensions free of erythrocytes were 
prepared from the pleens of experimental mice as indicated and analyzed by flow 
cytometry. All fluorescently labeled ntibodies were purchased from PharMingen 
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and used according to the -manufacturer's recommendation. Cells (10 6 /aliquot) 
were re-suspended in PBS containing 3% BSA and 0.1% odium azide (FACS- 
buffer) and incubated with fluorescently labeled antibodies for 30 minutes (4°C) 
followed by two washes in FACS buffer. Fluorescence data were acquired on a 
FACSCalibur® flow cytometer (Becton, Dickinson, Mountainview, CA) and 
analyzed using CELLQuest software (Becton Dickinson). This experiment was 
repeated once with similar results. 

Analysis of cytokine production. Cytokine production was measured by 
analysis of culture supernatants by sandwich ELISA using murine IFNy, TNFa, IL- 
2, and IL-12 kits purchased from R&D Systems (Minneapolis, MN). The ELISA 
for murine MIF was performed as previously described (14). Inclusion of 
neutralizing anti-MIF mAb in the cultures complexes with biologically active MIF, 
rendering the MIF inactive but still detectable by later ELISA. 

Tumor growth in vivo. Experiments to determine the effect of anti-MIF 
mAb on EG. 7 tumor growth were performed in C57BL/6 mice following methods 
described previously (9). Cultured EG.7 cells were washed, resuspended in PBS, 
and 5 x 10 6 cells (suspended in 0.1 ml of PBS) injected s.c. into the upper flank of 
mice (n=5 per group). Mice received an i.p. injection of 0.3 ml PBS, or IgG„ 
isotype control antibody (0.5 mg), or purified anti-MIF mAb (0.5 mg) 1 h later and 
then every 24 h for 7 days. Tumor size was estimated on day 7 from orthogonal 
linear measurements made with Vernier calipers according to the formula: weight 
(mg) = [(width, mm) 2 x (length, mm)]/2 (17). This experiment was repeated twice 
with similar results. 
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Histologic studies. Tumors from control IgG and anti-MIF treated mice 
were excised at 7 days. Frozen tumor sections were stained using PE-CD4 (L3T4) 
and FITC-CD8 (Ly-2) mAbs (PharMingen). The CD8 + and CD4 + T cells were 
counted under a fluorescence microscope and expressed as % increase in the mean 
number of stained cells per tumor section compared to sections from the control 
IgG-treated mice. Ten fields per section were counted using a lOx objective (n=5 
mice per group). Control sections incubated with a fluorescent-conjugated isotype 
control antibody showed no immunoreactivity. 

In situ apoptosis detection. Cells undergoing apoptosis were detected using 
terminal deoxynucleotidyl transferase (TdT)-mediated dUTP-biotin nick end 
labeling (TUNEL) according to the manufacturer's recommended procedure (R&D 
Systems). For statistical analysis, apoptotic cells were counted by light microscopy 
(lOOx) and expressed as the mean number (± S.D.) of apoptotic cells per tumor 
section. Five random fields per section (1 section per mouse, 5 mice per group) 
were analyzed and the Student's t test was used to determine significance (p<0.05). 

In vivo lymphoid cell migration assay. Non-tumor bearing mice or mice 
bearing EG.7 tumors of similar size (,) 7 days after tumor cell injection), as 
described previously by Zou et al. (18), treated with daily injections of anti-MIF 
(0.5 mg/mouse, i.p.) or control IgG, were used as the source of cells for this assay. 
Unfractionated spleen cells or purified splenic CD8 + T cells (1 x 10 6 cells/ml) were 
obtained and labeled with PKH-26, a membrane-inserting red fluorescent dye 
(Sigma, St. Louis, MO). In vivo lymphoid migration assays were performed as 
previously described (n=5 mice per group) (19). Briefly, labeled cells were 
injected (i.v.) into tumor-bearing recipient mice. Tumor masses were removed 
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24 h later and cryostat sections were repared. Sections were stained with FITC- 
anti-CD4 or FITC-anti-CD8 to determine T cell type. The presence of PKH-26 
fluorescent donor cells was quantified by microscopy and expressed as the mean 
number of labeled donor cells per field of sectioned tumor tissue. For each section 
(1 per mouse), ten fields were enumerated using a lOx objective. These 
experiments were repeated twice with similar results. 

Adoptive Immunotherapy. C57BL/6 mice were injected with 5 x 10 6 EG.7 
cells (s.c) and then treated with anti-MIF rnAb or control IgG (0.5 mg/day, i.p.) 
daily for 7 days (n=5 per group). One day after the last injection, spleen cells were 
isolated and CD8 + splenic T cells were purified using CD8+ enrichment columns 
(R&D Systems). Unfractionated splenocytes or CD8 + T cells (5 xl0 6 3 cells/mouse) 
were then transferred (i.v.) into recipient mice that had been injected with 5 xlO 6 
EG.7 cells (i.p.) one day earlier. Tumor weights were determined on days 1-13 as 
described above. This experiment was repeated once with similar results. 
Results 

Anti-MIF antibody enhances CTL activity in vitro. Previous studies 
established that MIF protein and MRNA are expressed as part of the macrophage 
and the T lymphocyte activation response (5, 8, 20). To evaluate a potential role 
for MIF in the host response to tumor invasion, the inventors first examined 
whether rMIF or a neutralizing anti-MIF mAb influenced antigen-specific, 
cytotoxic T cell responses in vitro. Splenocytes from mice primed by the 
implantation of EG.7 cells were isolated, and these spleen cell cultures were 
stimulated for 5 days with irradiated EG.7 cells in the presence of either rMIF, 
neutralizing anti-MIF mAb, or isotype control IgG. As shown in Fig. IB, the 
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addition of anti-MIF mAb at 50|ug/ml significantly up-regulated the in vitro CTL 
response, whereas addition of exogenous rMIF (Fig. 1 A) or control IgG (Fig. IC) 
did not affect CTL activity. Control studies showed that anti-MIF mAb treatment 
of splenocytes or EG. 7 cells alone did not influence their survival or growth 
characteristics, and that in vitro pre-treatment with anti-MIF mAb did not 
independently cause the development of cytotoxicity in unconditioned splenocyte 
cultures. 

A potential role for MIF in the effector phase of the CTL response was also 
studied by adding anti-MIF mAb or rMIF during the final 4 h assay period of 
splenocyte culture with EG. 7 target cells. There was no effect of these agents on 
the in vitro cytotoxic activity during this assay period. By contrast, it was observed 
that anti-MIF mAb was most active in augmenting the CTL response in vitro when 
present within the first two days of the five day co-culture period (Fig. ID). 

These data indicate that the immunoneutralization of MIF during the early 
phase of cytotoxic T cell activation in vitro potentiates later CTL activity. Not 
unexpectedly, therefore, it was found that in vitro stimulation of splenocyte 
effector cells with irradiated EG. 7 target cells produced a significant increase in the 
amount of MIF detectable in culture supernatant when compared to splenocytes 
obtained from tumor-bearing mice cultured in the absence of irradiated EG. 7 cells 
(Fig. 2A). Nevertheless, no significant effect on CTL activity was observed 
following the addition of bioactive, rMIF to parallel splenocyte cultures, suggesting 
that there may already exist a maximum cellular response to MIF that is 
endogenously produced in these cultures (>30 ng/ml) (Fig. 1 A). 
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Next the effect of immunoneutralization of MIF on production of cytokines 
known to play an important role in the expression of T cell cytotoxicity in vitro 
was examined. Levels of IFNy, TNFa, IL-2, and IL-12 present in the culture 
supernatants were measured by specfic ELISA. Among these, only IFNy showed a 
significant increase in concentration during the two day co-culture period when 
anti-MIF mAb is most active in enhancing CTL activity when compared to the 
control mAb-treated cultures (Fig. 2B). By contrast, incubation of splenocyte 
cultures from EG. 7 tumor-bearing mice in the presence of anti-MIF mAb and 
irradiated EG.7 cells did not significantly alter IL-2, IL-12, or TNFa protein 
expression when compared to control IgG treated cultures. EG.7 cells cultured 
alone revealed no detectable levels of MIF, IFNy, IL-2, TNFa, or IL- 12. By flow 
cytometric analysis, neither rMIF nor anti-MIF treatment of co-cultures wase found 
to influence the percentage of cells displaying the cell surface markers CD3 + , 
CD4 + , CD8 + , CD28 + , CD44 hlgh . 

Anti-MIF mAb treatment in vivo enhances CTL activity. The CTL 
response of splenocytes harvested from mice treated with anti-MIF mAb versus an 
isotype control IgGj were compared next, during the period of EG.7 tumor priming 
in vivo. These experiments showed that the administration of anti-MIF mAb daily 
for one week after priming with EG.7 cells (on day 0) significantly enhanced the 
generation of CTL activity at E:T ratios of 30 and 10 (Fig. 3 A). Inclusion of 
control IgG did not lead to enhanced CTL activity in this experimental system 
whether compared to either PBS alone or to no addition. 

Recent studies have established a significant anti-tumor effect of anti-MIF 
mAb in mice bearing the 38C13 B cell lymphoma (9) and the G361 melanoma 
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(10). In accordance with these data and the observed two-fold enhancement of 
CTL activity by anti-MIF described above, we found that administration of anti- 
MIF mAb to mice bearing an EG.7 lymphoma tumor for one week also resulted in 
a significant two-fold reduction in tumor size when compared to control IgG or 
PBS treated mice (Fig. 3B). In addition, we detected approximately three-fold 
more tumor infiltrating CD8 + and CD4+ cells following anti-MIF mAb treatment 
(Fig. 4). 

Cytotoxic T lymphocytes kill tumor cell targets by inducing apoptosis (21). 
Consistent with the observed enhancement of host CTL activity by anti-MIF 
treatment, a significant increase (4-5 fold) in the number of apoptotic cells within 
the tumor masses obtained from the anti-MIF-treated mice was found (Fig. 5 A), 
compared to tumors obtained from control IgG treated mice (Fig. 5B). This 
difference in apoptosis was quantified by analyzing the average number of 
apoptotic cells per high power field in tumor sections from anti-MIF treated mice 
(194+63 cells /100x field) vs. the number from control IgG treated mice (43+22 
cells/ lOOx field) and found to be statistically significant (p<0.01). 

It was previously reported that rMIF inhibits NK cell activity in vitro (22). 
Accordingly, the inhibitory effect of anti-MIF mAb on tumor growth in vivo might 
be the result of enhanced NK cell activity. While an increase in the NK activity of 
whole spleen cell preparations from EG.7 bearing mice when compared to control, 
non-tumor bearing mice, was observed, there were no changes observed in this 
activity in mice treated with anti-MIF antibodies. 

Prior studies showed that MIF expression during antigen-driven CD4 + T 
cell activation in vivo plays an important role in the immune response (8). 
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Therefore, it was next determined whether the enhanced cytolytic activity observed 
with anti-MIF mAb treatment was associated with increased antigen-induced 
proliferation of CD8 + T cells. In accordance with Bacher et al. (8), no 
augmentation in T cell proliferation was found in the presence of anti-MIF mAb 
treatment in vivo. 

The effect of anti-MIF on IL-2 receptor expression also was examined. The 
IL-2 receptor is multirneric, consisting of the variably expressed a chain (CD25) 
which regulates IL-2 affinity, as well as two signaling subunits, the p (CD 122) and 
the y c , (CD 132) chains (reviewed in (23)). The y c . subunit (also known as the 
common gamma chain) is a shared subunit of the IL-2, IL-4, IL-7, IL-9, and the IL- 
15 receptors. Recruitment of the y c , is required for intracellular signaling (24, 25), 
and its expression has been shown to be critical for mature CD8 + T cell survival in 
vivo (26). Therefore, the effect of anti-MIF treatment on y c expression was 
examined. Anti-MIF mAb treatment of tumor-bearing mice significantly enhanced 
expression of the y c chain, but not of the a or p subunits of the IL-2 receptor on 
CD8 + T cells (Fig. 6), when compared to tumor-bearing animals treated with 
control IgG. 

Anti-MIF antibody promotes the migration of T lymphocytes into tumor 
tissue and augments CD8 + T cell specific anti-tumor activity. To further show that 
the in vivo anti-tumor effect of anti-MIF mAb was attributable to specific effects 
on T cells, the effects of anti-MIF treatment on trafficking of T lymphocytes into 
tumors was assessed. Control or EG.7 tumor-bearing mice were treated with either 
anti-MIF or control IgG for 7 days, and unfractionated spleen cells or purified 
splenic CD8 + T cells were collected for labeling with PKH-26. Labeled 
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unfractionated splenocytes or purified CD8 + cells were transferred into EG. 7 
tumor-bearing recipients. The entry of PKH-26- labeled donor cells into tumors of 
recipient mice over 24 hrs was quantified by fluorescent microscopy of cryostat 
sections obtained from excised tumor tissue (Figs. 7 A and 7B, respectively). These 
experiments showed that spleen cells or purified CD8 + T cells obtained from the 
anti-MIF mAb-treated, tumor-bearing mice entered tumor tissue in greater numbers 
(>two-fold increase) than comparable cells obtained from the control mAb-treated, 
tumor-bearing mice. 

Finally, the effect of adoptively transferred CD8 + cells (obtained from anti- 
MIF mAb treated animals) on tumor growth in vivo was tested. Five million 
unfractionated splenocytes or purified CD8 + splenic T cells (Fig. 7C) from anti- 
MIF mAb or control IgG treated, EG. 7 tumor-bearing donor mice were transferred 
to mice that had been injected s.c. with EG.7 tumor cells 24 h previously. Tumor 
growth in vivo then was monitored for 2 weeks. As shown in Fig. 7C, adoptive 
transfer of CD8 + T cells obtained from anti-MIF-treated, tumor-bearing mice to 
untreated tumor-bearing mice showed a significant inhibitory effect on subsequent 
tumor outgrowth in recipient mice. In contrast, no significant difference in tumor 
weight was observed following the transfer of unfractionated splenocytes (5 x 10 6 
cells; containing both CD4 + and CD8 + T cells and B cells) obtained from anti-MIF 
treated vs. control IgG tumor-bearing mice. These data indicate the importance of 
a critical number of CD8 + T cells obtained from anti-MIF treated tumor-bearing 
animals to mediate a significant inhibition of tumor growth in adoptive transfer 
experiments. 
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The invention having now been fully described with reference to 
representative embodiments and details, it will be apparent to one of ordinary skill 
in the art that changes and modifications can be made thereto without departing 
from the spirit or scope of the invention as set forth herein. 
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